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ABSTRACT

Basi ¢ design guidance, devel oped from extensive reevaluation of facilities, is
presented for use by experienced architects and engineers. The contents cover
gui delines for various types of wire comunication and signal systens,

i ncludi ng tel ephone and tel ecomuni cations, hospital nurse call, doctor

pagi ng, doctor registration, interconmunicating, sound, cable, fiber optics,
television, television master antenna, frequency nodul ated master antenna,
closed circuit television, clock and progranm ng, watchman tour, disaster
alarm central dictation, and renpte control and nonitoring. It does not
include fire alarns or other hazard al arm systens.
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FOREWORD

Thi s handbook is one of a series that has been devel oped from an eval uation of
facilities in the shore establishment, from surveys of the availability of new
materials and construction methods, and from selection of the best design
practices of the Naval Facilities Engineering Conmmand, other Governnent
agencies, and the private sector. This handbook uses, to the maxi num extent
feasible, national professional society, association, and institute standards
in accordance with NAVFACENGCOM policy. Deviations from these criteria should
not be made without prior approval of NAVFACENGCOM Headquarters Code 04.

Design cannot remain static any nore than can the functions it serves or the
technologies it uses. Accordingly, recomendations for inprovenent are
encouraged and should be furnished on the DD Form 1426 provided inside the
back cover to Commanding Officer, Naval Facilities Engineering Command, Code
04, Chesapeake Division, Washington Navy Yard, Washington, D.C. 20374-2121
phone (202) 433-3314.

DO NOT' USE TH S HANDBOOK AS A REFERENCE DOCUMENT FOR PROCUREMENT OF FAC LI TI ES
CONSTRUCTI ON. IT 1S TO BE USED I N THE PURCHASE OF FACI LI TI ES ENG NEERI NG
STUDI ES AND DESI GNS ( PLANS, SPECI FI CATI ONS, AND COST ESTIMATES). DO NOT
REFERENCE IT IN M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER PROCUREMENT
DOCUMENTS.
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Section 1: | NTRODUCTI ON

1.1 Scope. This handbook presents guidelines for selection and
application of wire comunication and signal systems. These include telephone
and tel ecommuni cations, nurse call, doctor paging and registration,

i ntercomuni cating, sound, cable television, master antenna, closed-circuit
tel evision, clock and programm ng, watchman tour, disaster alarm central
dictation, and renpte control and nonitoring systens.

1.2 Cancel | ati on. Thi s handbook, M L-HDBK-1004/7, cancels and
supersedes DM 04.07, dated April 1986.

1.3 Policy. Follow standards set by National Fire Protection
Association (NFPA) 70, National Electric Code (NEC), and Anerican National
Standards Institute, Inc., (ANSI) C2-81, National Electric Safety Code,

t hroughout all designs. Designs for materials and equi pment shall conformto
the standards of the National Electrical Mnufacturers Association (NEMY),
Underwiters' Laboratories, Inc. (UL), and other professional organizations.

1.4 Specific Criteria. Systemrequirements are determined by the
specific criteria for that facility. See the appropriate criteria manual.

Al so consider the requirenents of the using agency. \Were nore than one
system is necessary, it might be nore economcal to conbine several functions.
Exanpl es of these are conbining the central dictation systemin the tel ephone
and tel e-communi cation system or the nurse call, radio, and television
systens into one system It is especially inportant that systens for health
care facilities be coordinated with each other, and with the requirenents for
essential electrical systems, so that |life safety and support systemns are
efficient and functional. Consideration should be given to incorporating
program and other central systems, as a part of the energy nonitoring and
control system (EMCS), to prevent duplication of facilities.
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Section 2: TELEPHONE AND TELECOVMUNI CATI ON SYSTEMS

2.1 Description. These systens connect tel ephones and data terminals
on a naval activity with any other tel ephone data term nal connected to the
system A system consists of a switching device, a wire distribution system
and various types of station equipnment. The system usually provides the
capability for stations at the activity to place calls to and receive calls
fromtel ephones or data terminals |ocated outside the activity.

2.2 Design Responsibilities. Areas for design of a new or expanded
t el ecommuni cation systemare outlined in the follow ng paragraphs.

2.2.1 Type of Solicitation Docunents. If a base administrative tel ephone
services contract is desired, stipulate that one vendor be responsible for
providing all teleconmmunications services on the base and coordinate with off-
base comruni cations providers as required. Define the type and paraneters for
the level of service desired. If a purchase acquisition document is desired,
state the nunber and technical specifications for each type of equipnent
required for the system

2.2.2 G ossary. Provide a glossary to include a precise definition of
only those terns used in the procurenment docunents.

2.2.3 DSN AUTOVON FTS Conpatibility. If an activity has or will have
access to the Automatic Voice Network (AUTOVON), the Defense Switched Network
(DSN), or the Federal Tel ecommunications System (FTS) provide for
conpatibility with their signalling systens. (See Defense Communi cation
Agency (DCA) Circular 310-V-175-6, System Interface Criteria, and DCA Circul ar
310-225-1, DSN Phase 1 User Services Guide, for AUTOVON interface
requirenents. See al so DCEC R610-001, Defense Switch Network, Ceneric
Switching Center Requirenments, published by DCA for DSN specifications.)

2.2. 4 Voi ce and Data Consi derations. Be aware that, historically, the
usage of voice communication has increased in the past and will probably
continue to increase in the future, but at a lower rate as nore data
transmissions are nmade. The requirenent for data switching and transm ssion
has increased dramatically in the recent past, and will continue to increase
at a very rapid rate in the future. Dialed-up data transmi ssions are usually
characterized by |lengthy calls.

2.2.5 Over seas. Most of f-base comrunications facilities in foreign
countries are provided by Governnent-owned admi nistrations. They frequently
do not use the sane signalling systens and transnission levels found in the
continental United States and Canada. Provide the required converters and

i nterfaces.
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2.2.6 Expansi on. If it has been determined that an existing system
shoul d be upgraded or expanded to neet current and forecasted demand, take
action as foll ows:

2.2.6.1 Leased System Direct the lessor to furnish the necessary
equi prent, conpatible with the existing system to provide the service
required.

2.2.6.2 Omed System  Analyze the existing systemcircuitry and specify
conpati bl e equipnent to provide the service required. Follow the instructions
contained in this section to the extent practicable.

2.3 Existing Service. Provide statistics on the number and type of
instruments, type and capacity of the switching machine, and nunber and type
of trunks by trunk groups currently in service.

2.4 Forecasting Future Requirements - 10 Year. From all available
sources, such as historical trends, plans and progranms, and personal
interviews, develop a fundanmental plan. This plan should be by building, by
cable route, and by systemfor a mnimm period of 10 years.

2.5 Traffic Studies. If current traffic study data are avail able,
provide a summary to be used in devel opi ng system capacity and design. | f
current studies are not avail able, nake appropriate studies during the busiest
hour of the day for 5 consecutive business days. Conduct these studies,
preferably, during the busy season. If this is not possible, nmake appropriate
adj ustnments or use the following figures until nore accurate data can be
acquired:

a) Busy hour call attenpts: 3.0 per station.

b) Voice traffic: 6.0 hundred call seconds (CCS)/hour total per
each subscriber |ine/port.

c) Data traffic only: approaching 36 CCS/ hour per data termnal.
d Facsimle traffic only: 12 CCS/ hour per facsimile terninal.

2.6 Single-Line Stations. A study should be made of the existing
service. Be aware of the Navy's programto provide a dedicated tel ephone (and
t el ephone nunber) to each user to the maxi mum extent possible in all new
digital switching tel ephone systens.

2.7 Swi t ching Equi pment Design. Specify that new switching equi prent
be digital. If the procurement is for a base adnministrative tel ephone service
contract, the vendor will provide the design that best neets the service



M L- HDBK- 1004/ 7

requirenents. If the procurenment is for purchase, require that the system
desi gn be any appropriate conbination of space-tine division, but nust use a
form of pulse code nodulation conpatible with a direct interface with T1
carrier systens. It shall be nodular in design for econonical expansion, it
may use distributed or central processing, and must provide redundancy of
critical conponents.

2.7.1 Nunbering Plan. Provide details about the station nunbering plan,
access codes, and service codes. |If a new nunbering plan is required, it wll
be necessary to negotiate with the local telephone conpany for an acceptable
nunbering plan suitable for direct inward dialing.

2.7.2 End Ofice Versus Tandem Determine if the new sw tching equi pnent
will function as an end office, or as a conbined end office and tandem office
in the network hierarchy. Define the requirenents accordingly.

2.7.3 Pr ecedence. If the new equi pment will have access to AUTOVON or
DSN, provide for handling precedence traffic.

2.7.4 Data Transmission. Require the new switching equi pment to have the
capability of switching data streamtraffic of at least 19.2 kilo bits per
second. Depending on the systemdesign, it is desirable, but not mandatory,
that the data lines be served by a separate switch node with a grade of
service of P.000001 and bit error rate not to exceed 1 in 10,000, 000.

2.7.5 Push Button Dialing. The equi pment must be capabl e of accepting
push button dialing, using dual tone multifrequency tones, in accordance with
Rural Electrification Administration (REA) Bulletin 345-74. It shall also

accept pulses fromrotary dials adjusted to industry standards.

2.7.6 Tones - Frequency. Provide the frequencies and |evels (voltage)
for the foll ow ng tones:

a) Dial.

b) Station busy.

c) Congestion (all trunks busy).

d) Ringing - external versus internal calling.

2.7.7 Gade of Service. Provide for a grade of service (G0OS) as foll ows:

a) Switching (voice): P.005.
b) Switching (data): P.000001.

¢) Trunks except AUTOVON:  P.01.
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d) AUTOVON (2 way): P.05.

e) AUTOVON (1 way in): P.05.

f) Dial tone delay (station): 1.5 percent over three seconds
maxi num

g0 Dial tone delay (console): 1.5 percent over one second maximm
2.7.8 Station Loop Limt. This shall not exceed 1500 ohnms DC resi stance,

fromthe switching equipnent to and including the station equiprment, for
anal og equiprent. Range extenders, or range extenders with gain nmust be
provided for station |oops that exceed this resistance. Transmission |oss
shal | not exceed 8 decibels measured at 1004 hertz. The maxi num resistance
between a data terminal and a digital switching nachine is about 200 ohns of
pai red conductors.

2.7.9 Station Features. Modern digital switching equipnment can provide a
| arge nunber of features that are station selectable. Some are included in
the basic system others require extra nmenory or hardware and are available as
options at additional cost. A station-by-station analysis to deternmine those
features which will be cost effective for each |ocation should be made.

Following is a list of features that should be considered:
a) Abbreviated dialing.
b) Autonatic call back.
c) Call forwarding (transfer).
d) Call pickup.
e) Call waiting.
f) Hold.
g) Three-way conference.
h) Hunting
i) Restriction (class of service).
j) Call coverage (transfer to message center).
k) Message waiting indicators.

) Restricted route selection.
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m  Trunk queuing (on-or-off hook).

n) Executive right-of-way.

2.7.10 Dat a Feat ur es. For dialed up data transm ssion, select the
appropriate features fromthe follow ng:

a) Sinultaneous voice and data.
b) Data only.
c) EIA conpatible.
d) Mbdem pooli ng.
e) Queuing for CPU termnals.
f) Incoming call restriction to CPU.
2.7.11 System Features. These are features commn to the entire system

Sone are included in the basic system others require additional memory or
hardware and are available as options at additional cost.

2.7.11.1 System Administration. Equipment is available to control and place
into the systemis menory, line assignnents, and changes in station and system
features. It is also used for systemdiagnostics. Specify the requirenent
for this equipnent in all acquisitions.

2.7.11.2 System Facilities Managenent, Equipment is available for
controlling off-base calling. These include automatic alternate routing,
automatic route selection, facility restrictions, circuit assurance testing,
and traffic usage. Specify the requirement for this equiprment in all

acqui sitions.

2.7.11.3 Cost Adnministration. Provide for automatic identification of
outward dialing, and |east cost routing capability. If the activity provides
services to tenants, or has cost center systens of budgeting, specify the
requirenent for station nessage detail recording equiprent designed to provide
the followi ng data:

a) Extension call detail.
b) Organization costs by cost centers.

2.7.11.4 Options. A study should be nade of the requirements of the
activity for the following three options.
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a) Electronic Directory. For telephone systens |arger than 500
lines, provide an electronic directory. For smaller systems a study should be
made. This feature maintains a directory listing containing nane, telephone
ext ensi on nunber, room nunber, building nunber, and departnent or
or gani zati on. The electronic directory listing is updated each time a
t el ephone is added, disconnected or changed. The electronic directory can be
accessed by the tel ephone operator, security personnel or others via
terminals. Wen required, data can be printed on a line printer or nagnetic
tape for producing a directory.

b) Electronic Mail. Electronic mail facilitates the storage and
transmttal of documents, entered via a terminal, to individual or multiple
addressee termnals. Documents nmay be edited and retransnmitted as often as
required.

c) Building Managenent. This can nonitor, control, and report on
security and fire conditions, and access to secure areas.

2.8 Consol es. Specify desk top cordl ess consol es, equipped with 16-
button dialing capability, for processing AUTOVON precedence traffic. The
nunber of consoles required is dependent on the mission of the activity, and
the duties of the console attendant. A study should be nade to determine the
number of consoles required. Provide a nininmmof two.

2.8.1 Di st ance. The PBX must not exceed 950 feet from the consol es,
w t hout range extenders.

2.8.2 Features. The consoles shall be equipped, as a minimum wth the
following features:

a) Switched | oop operation.

b) Line nunber - trunk group display.
c) Call extension.

d) Internal conpletion.

e) Qutward conpletion.

f) Hold and rel ease.

g) Tined reni nder.

h) Held call return.

i) Conference calling - three to six parties.
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j) Busy verification.

k) Busy override.

) Trunk group busy |anp.
m  Busy-out switch.

n) Nght transfer.

o) Call splitting.

p) Paging.
2.9 Main Distributing Frame. If a new nmain distributing frame is
required, specify a nodular frame designed for short junpers or connecting
cords. It shall be dead front design equipped with heat coils and enpl oy fast

response, |less than 5 nanoseconds, aval anche diodes with gas tubes to inprove
clanping tine.

2.9.1 Special Service Protection. Specify the installation of
identification rings and binding post insulators on all termnations of
special circuits.

2.9.2 Speci al Safeqguard Measures. Arrange to identify those circuits
that are specially sensitive or inportant. In addition to providing special
service protection devices for these circuits, arrange to renove all unused
mul ti pl e appearances.

2.10 Power. Specify power equipnent sized for the ultimate (10 year)
power requirenent.

2.10.1 AC Power. Determine the voltage and phase for the primary power to
be supplied by the activity. Specify AC power panel designed to nmeet NFPA
No. 70.

2.10.2 DC Power. Specify the necessary DC power panel, equipped with
di sconnect switches, fuses (including alarm fuses), and voltage and current
neters designed to NFPA No. 70 standards.

2.10.3 Rectifiers. Specify a minimmof tw rectifiers and regul ators,
each capable of carrying the full office load. These charging equi pnents
shall be full wave, self-regulating, constant voltage, and solid state. They
shal|l be designed to operate on a | oad sharing basis.

They shall be capable of operating at increased voltage to provide
equal i zing charge to the batteries. Provide supplemental equipnent to charge
the end cells, if the voltage required to charge these cells (in addition to
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the equalizing voltage) will exceed the safe voltage of the connected
t el ecommuni cati on equi pnent.

2.10.4 Batteries. Provide sufficient battery capacity to supply the peak
| oad of the connected equipnent for 8 hours, during an AC power outage,
fluctuation, or swtchover. In very large installations equipped wth

permanent |y connected energency generating equipnent, this time can be reduced
to 4 hours. Two sets of 24 lead calciumcell batteries are preferred, if the
load is sufficient to justify the cost of two sets. Batteries should have a
design life of 14 years, when maintained on full float operation between 2.17
and 2.20 volts per cell. Provide adequate end cells, with automatic sw tching
dependi ng on the voltage requirenments of the connected | oad. Counter EMF
cells are not acceptable. Al cells shall be equipped with explosion control
devi ces. Seal ed, maintenance free, gelled electrolyte lead calcium batteries
may be used.

2.10.5 Standby Alternators. Except in very small installations (200 |ines
or less), where portable engine-driven alternators are provided by the
activity, provide a properly sized, permanently installed engine or turbine-
driven alternator. For installations using portable equiprment, provide easy
access for connecting the wires and a two position switch; one |abelled
"Standby" and one |abeled "Primary." For installations with permanently
installed equipnent, provide either autonatic transfer switches or a nanual
transfer switch properly labeled. Select and install this equipnent in a
manner to minimze noise and vibration.

2.10.6 Overcurrent Protection. Devices shall be provided in accordance
with UL 1459, Tel ephone Equi pnment. Conpute the capacity of these devices
consi dering maxi mum | oad on the switching machine and all auxiliary equipnent
in service.

2.11 Envi ronnental Considerations. Provide adequate space, tenperature,
hum dity control, out-of-tolerance tenperature and hunmidity alarns, and other
environmental considerations outlined bel ow

2.11.1 Space. Provide sufficient space for an orderly arrangement of
cabinets, to include maintenance space as required by the vendor. dear
ceiling height shall be a minimumof 9 feet. A raised floor is not

required. Fl oor strength for the switching cabinets and m scellaneous franes
shall be 50 Ibs/sq. ft. minimum and for the power plant and batteries, 225

I bs/sq. ft. nminimum The main distribution frame should preferably be in the
sanme room as the switching equipnent.

2.11.2 Tenperature. Provide sufficient air conditioning capacity to
mai ntain the tenperature in the equi pment space between 41 and 85 degrees F
(5 and 30 degrees C). The rate of change in tenperature shall not exceed 9

degrees F (5 degrees C) in 30 m nutes.
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2.11.3 Humi dity. The relative humdity nust be controlled between 20 and
60 percent noncondensi ng.

2.11. 4 Area Lighting:. Provide area lighting in the equipnment and power
plant room and at the main distribution frame, in accordance wth

M L- HDBK- 1190, Facility Planning and Design Guide, for conputer roons.
Provide indirect or dinmmable lighting in the attendant console roomto
mnimze glare on the consol e display area.

2.11.5 Emergency Lighting. Provide emergency lighting in the attendant
consol e, equipnment, and power plant (including standby alternator if
installed) roons and at the main distribution frame. Provide quick acting
automatic transfer from primary power to standby power, and time del ayed
transfer from standby power to primary power. Provide for automatic
recharging of the batteries.

2.11.6 Gounding System Provide a nultipoint grounding system the
resi stance of which shall not exceed 5 ohnms, to which all elenents of the
switching, power, and main distributing frame are to be connect ed. See
M L- STD- 188- 124A, G oundi nn. Bondi ng and Shi el di ng.

2.11.7 Seismc Safety. Provide the necessary protection in accordance
with NAVFAC P-355, Seismic Design for Buildings.
2.12 Transmi ssi on. Develop a trunking diagram with transm ssion

levels, return loss, and signal to noise ratio requirenments.

2.12.1 Trunks. The traffic study referred to previously will provide data
for off-base message trunk usage. The nunber of trunks nust be adjusted to
provide the required grade of service. Simlar adjustnents nust be nade to
cover any increase in nunber of stations in service by time periods. Provi de
only enough trunk nmodules, by trunk group, for 2 years anticipated growh. |f
no traffic data are available, provide a total of off-base trunks equal to 6
percent of the nunber of |ines on-base. These off-base trunks should be

di vided anong the various trunk groups, based on the current configuration.

2.12.2 Signalling Conpatibility. The trunk signalling equiprent nust be
conpatible with the follow ng types of trunks, as required by the trunking
di agram

a) DSN AUTOVON

b) FTS.

¢) Public exchange.

d) Qher conmmon carrier.

10
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e) Tie trunks.
f) Foreign exchange.
g) Satellite.
h) O her.
2.12.3 Special Service. Provide the necessary electronic equipnent for

the type of special service circuits currently in use and anticipated in the
near future. These may include the follow ng types:

a) Energency - crash alarm
b) Fire alarm

c) Intrusion alarm

d) R ng down.

e) Tel enetering.

2.12. 4 Fi ber Optics. Consider the use of fiber optic systens for signal
and data transmssion. For system design see Section 17.

2.13 Distribution Cables. The design for distribution cables takes two
forms. For distribution within a building, or between closely spaced

bui I di ngs, provide cable pairs directly fromthe main distribution frame to
floor termnals or to building entrance termnals. For locations with widely
spaced buildings, use the cross-connecting termnal system This system uses
trunk (primary) cables between the nain distribution frame and a full-count,
cross-connecting termnal to the building entrance terminals. Consider the
requirenents for other signalling and communication systens when sizing the
cables. Also consider that some new types of conbination tel ephone and data

station equipnent require 2 to 4 pairs per instrunment. Provide sufficient
pairs to permt a station per line ratio of one. Trunk cables should be sized
to be about 65 percent full initially, with reinforcenment schedul ed at about

90 percent of the pairs in use or faulty. Distribution cables should be sized
to be about 50 percent full to provide for flexibility.

See TIA/EIA Standard 568, Commercial Building Wring Standard, for
additional information.

2.14 Conner Conductor Cable Material. Four types of materials are used
in cable manufacture. These are for conductors, insulation, shielding, and
the sheath. See REA Bulletin 345 series.

11
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2.14.1 Conductors. Use solid, annealed round wire of commercially pure
copper. Use the mninmm size conductor (not smaller than 26 AWG to serve the
anal og stations within the 1500 ohm (including the station equi pnent) maximm

resistance limt. If calculations indicate a requirenent for 19 AWG
conductors, consider using a smaller gauge conductor and range extender or a
range extender with gain as appropriate. |f the conductors will be used for
both voice and data transm ssion, the nmaxi num all owabl e resistance is reduced
consi derabl y. In this case, consider the use of larger conductors or the use
of nodens.

2.14.2 Insulation. Conductor insulation shall be polyethylene with a high

mol ecul ar wei ght or pol ypropyl ene, color coded in accordance with REA
standards TE & CM 635. Unless there are requirenents for |ow nutual

capaci tance cables (0.066 mcroFarad/nile), use standard 0.083 microFarad/mle
cabl e.

2.14.3 Filled Versus Air-Core. Unless there is currently an air pressure
systemin service large enough to provide dry air to the additional cables,
specify filled cables for installation in underground conduit and for burying
in the ground without conduit. Use air-core cables for aerial construction
except for very humi d locations which require filled cables.

2.14.4 Shield. Specify a continuous alum num or copper shield conpletely
encl osing the cable core and wapper according to REA Bulletin 345-67.

2.14.5 Sheath. The material for the sheath shall be either:
a) High-density polyethylene.
b) Low density, high-nolecular weight, ethylene copolyner.
¢) Lowdensity, high-molecular weight, polyethylene.
2.14.6 Mechani cal Protection. \Were underground rodents are known or

suspected to exist or in rocky ground, require a protective shield in
accordance with REA Bulletin 345-67.

2.14.7 Paraneters. Specify the requirenents for the follow ng:
a) Maxi num resi stance unbal ance between wires of a pair.
b) Maxi num crosstal k coupling.
¢) Mnimminsulation resistance.

d) M ni mum hi gh voltage breakdown.

12
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2.15 Fiber Optic Cable Material. There are two basic types of fiber
bei ng manufactured: single node and nul tinode types. The selection of the
type of fiber to use depends on the system distance. For systenms design, see
Section 17.

2.16 Construction. Cable in conduit or buried directly in the ground is
the preferred type of construction unless the terrain is prohibiting.

2.16.1 Direct Burial. Normally, cable should be buried a mninmum of 24
inches deep, or protected by a 3 inch concrete cover. Specially inportant
cables may be buried 36 inches deep. |If there is a good probability that
additional cable pairs will be required in the future, provide 4-inch

pol yvinyl chloride conduit on top of the cable.

2.16.2 Conduit. There are a nunber of materials used in conduit systemns.
Depending on the in place costs or, unique requirenents, specify one of the
fol | owi ng:

a) Polyvinyl chloride, thick wall used w thout concrete
encasenent .

b) Polyvinyl chloride, thin wall used with total concrete
encasenent .

c) Fiber.

d) Mnolithic concrete (by using inflated rubber tubes).
e) Vitrified clay tile.

f) Concrete.

g) Wought iron (very expensive).

h) Multiple small conduit placed inside |arger conduit for fiber
optic cable.

2.16.3 Manhol es. Provide manholes as required for distribution or for
splicing long sections of cable. Maxi mum di stance between manhol es shall not
exceed 1000 feet for straight sections. This distance nust be reduced for
curved duct runs depending on the number of curves and the radius of
curvature. Manhol es shall be of sufficient size to permt placing equipnent
such as T-I Carrier repeaters. Provide detailed specifications for the rim

and cover, pulling-in irons, and rocking hardware. Provide 27-inch nininmm
di ameter rimand cover.

2.16.4 Aerial. Normally, it is desirable to place the cable on jointly
occupi ed poles with |ow voltage electric power conductors. Only in

13
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exceptional circunstances shoul d tel ecomrunication cable be placed on poles
supporting power conductors carrying voltages higher than 13 kV. Follow REA
specifications TE & CM 635 and 641 for cable heights, pole strength, guying,
and cl earances.

2.16.5 Air Pressure Systens. If there is an existing air pressure system
in service, and if the new cables will be protected by it, update the system
if necessary. The system should have an air manifold, a total consunption
meter, and individual rate of flow meters serving each cable and air pipe. It
shoul d have a transducer alarmsystem wusing a telenetering system or manual
testing. Update the air pressure schematics.

2.16.6 Fiber Optic Cable. The procedure for placing fiber optics cable is
somewhat similar to that used for placing copper conductor cable. For systens
design see Section 17.

2.17 Ternminals. There are a nunber of different types of terninals used
in a telecomunication distribution network. See appropriate sections of REA
Bulletin 345 series. The nmmjor ones include:

a) Cross-Connect terminals are used to permit connecting any pair
inthe trunk (primary) cable to any pair in the distribution (secondary)
cabl es. Provide specifications for these ternminals and for the concrete
mounting pads.

b) Buried Cabl e Pedestals. If buried cable is used, provide
specifications for the pedestal and supporting hardware. Require that the
pairs not termnated be protected by a shield fromthe pairs available for
service at that location.

c) Aerial. Provide specification for aerial terminals. Require
that the pairs not planned for service at that |ocation be protected.

d) Building. Provide full count protected termnals, or
crossconnecting blocks, at the entrance to a building. Due to the
susceptibility of electronic station equipnment to damage by voltage spikes,
require properly grounded, 5 nanosecond, aval anche di odes with gas tube
protectors.

e) Floor. Provide floor termnals as required.
2.18 Service Wre. |f aerial cable distribution is used, there will be
some need for paired wire between the aerial terminal and the station
protector. This wire should be 18 AWG copper-steel or bronze, protected, and
insulated with black neoprene or polyvinyl chloride. Provide tube protectors
at the station end, properly grounded. In hum d atnosphere, or areas subject

to salt in the air, provide corrosion resistant hardware. See REA Bulletin
345-36.

14
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2.19 Station Wre and Cable. In areas other than in return air plenuns,
provide station wire consisting of 3 or 4 pair (as required) 22 AW copper
conductors, insulated and covered with a polyvinyl chloride jacket. For wire

to be used in return air plenuns, specify characteristic fluoropolyner resin
or equal as listed by the Underwriters' Laboratories. See NEC 800-3d. For
secure areas, and for circuits subject to high transm ssion levels, provide
shielded wire properly grounded at both ends. See REA Bulletin 345-18. \here
pair requirements justify the use of station cable, provide 22 AWG or 24 AWG
dependi ng on all owabl e accumul ated resistance from swi tching equi pnment or key
system If cable will be in a return air plenum require the same type of
insulation and sheath naterial as identified above. See REA Bulletin 345-59.

2.20 Station Equipnment. An office-by-office survey should be nade to
determne the type of station equipnent which will be required. See FCC Rul es
and Regul ations, Part 68, Connection of Terminal Equipnent to the Tel ephone
Net wor k.

2.20.1 Tel ephone Instrunments. A number of types of telephones can be
connected to a modern digital PBX to provide many of the same features
formerly available only with key systens.

2.20.2 Dialing. Provi de pushbutton dialing instruments where their higher
cost is justified. Stipulate that the frequencies used nmust conformto REA
Bul letin 345-74. Use rotary dial where pushbutton dials cannot be justified.

2.20.3 Si gnal | i ng. Provide instrunents with | oudness control of the
ringer. Some areas can justify tone or chime ringers.

2.20.4 Key System There are some office functions that can justify the
use of multibutton electronic key systens for inproved office efficiency.
Provide the specification for the instrunents.

2.20.5 Single Line Stations. There is a long-term objective of the Navy
to nmove toward a single line per station. However, this objective does not
prevent nmultiple instruments on one line, where usage is light or the use of a
mul tibutton key system as discussed above is justified.

2.20.6 Conbi ned Tel ephone and Data Sets. Were required, specify
instrunents that have the capability to provide voice service and data
transm ssion sinultaneously.

2.20.7 Mbdens.  Provide the necessary nodens designed for the required
baud rate.
2.21 Test Equipnent. Provide test equipnent, if required, for the

operation and mai ntenance of the system These include:

15
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a) Oscilloscopes.

b) Transm ssion measuring system
c) Volt-anp-ohm neters.

d) Buried cable |ocating equipnent.
e) Insulation nmegger.

f) G ound resistance negger.

g) Cable testing equipnent.

2.22 Training. Provide for training Navy personnel based on their
assigned responsibility. These may include:

a) Tel ecommuni cati ons users.
b) Technicians for naintenance and program changes.
¢) System Administrator.

d) Technicians for installation and maintenance of station

equi pnent .
e) Technicians for maintenance of the distribution cable network.
f) Cerks for use and naintenance of records and documentati on.
2.23 Test Plan. Specify that the selected vendor prepare, subject to

Government approval, a proposed test plan. These tests should include:
a) Al lines frame-to-frane for polarity.
b) Al trunks for transm ssion and signalling conpatibility.
¢) Access all trunks and lines through the new swtch.

d Verify that PBX features required are accessible and
operational .

2.24 Conmmi ssioning Plan, Specify that the sel ected vendor prepare,

subj ect to Governnent approval, a proposed conm ssioning (cutover) plan. |f
technically possible, it is desirable to place the new switching equipnment in
service by a "flash cut," and to nmake station rearrangenents imediately
afterwards. This will cause the |east amunt of confusion for the user, and
will permt user training i mediately preceding access to the new features.

16



M L- HDBK- 1004/ 7

2.25 Deconmi ssi oni ng. Arrange for the old switching equipment to be
deactivated i mediately after the new switching equipment is placed in
service. However, the old switching equipment should remain in place for a
short period of time, while the new equipnent is carrying the normal business
day traffic. After the new equipnent has proven it can carry the traffic
satisfactorily, arrange to renove the old equiprment. This renmoval should be
perfornmed carefully, to avoid creation of dust, if installed in the same room
as the new equipment. Arrange for necessary repairs to the building.

17
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Section 3: HOSPI TAL NURSE CALL SYSTEMS

3.1 Description. A nurse call system provides communications between
nurses and patients, other nurses, and doctors.

3.1.1 Audi ovi sual . This system has two-way voi ce conmmuni cation, audio
and visual alerting, and visual status lanps. System features include
monitoring patients fromthe central nursing station, nonitoring groups of
patients, two way communication with patient, alert tone and visual indication
of patient station initiated call, and roomnonitor visual indicator. This
equi pmrent shal |l be used for nurse stations covering up to 60 non-critica
patient stations. Auxiliary equipment is available to alert personnel at
renote |ocations.

3.1.2 Automatic Audiovisual, In addition to the features of the
audi ovi sual system this systemis, controlled by a nicro-processor, has
several patient priority levels, and electronically displays patient calls in
order of priority and sequence of initiation. The control station can serve
up to 160 patient stations in its own area, and up to 640 patient stations in
other areas. This equipnent shall be used for nurse stations monitoring
critical patient stations and for hospitals with nmore than 60 patient
stations.

3.1.3 Radi o/ TV Control . Patient stations are available with cord sets
for activating the nurse call, controlling radio, TV, lights and other
accessori es.

3.1.4 Physi ol ogical Mnitoring. Physiological nonitoring connections can
be used simultaneously with other patient features.

3.1.5 Code Blue System An integral part of the Nurse Call system this
system includes a switch and lights to summon help, primarily for cardiac
arrest.

3.2 Requirenents. Al systems include a nurse control station |ocated
at each central nurses staffing area, corridor lights, and patient stations.
Systems may al so be provided with auxiliary stations and equipment. CQutlet
boxes or back boxes required for nounting station equipment will be specified
by the vendor selected to provide the nurse call system The wiring is |ow
vol tage using various quantities of 22 and 18 gauge wires as required by the
vendor selected. The nurse call system nmust be connected to the energency
power system  See DM 33.02, Naval Hospitals, DwW33.03, Medical dinics and
Dental dinics, and NEC 517 Part C.

3.2.1 Nurse Control Stations. The type of central nurse desk wll
determ ne whether a free standing control station desk unit or a flush wall
unit will be provided. The control and power cabinets shall be mounted in an
equi pnent room in the vicinity of the nurse control station. The quality and

18
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anplification nmust be sufficient to nonitor the largest group of patient
stations. Lanp or light-emitting diode indicators must be bright enough to be
easily read and positioned to keep glare to a mni num

3.2.2 Patient Stations. The patient station shall contain a speaker-

m crophone, call placenent lanp, a privacy lanp, a call cancel button and a
jack for the cordset. The station shall be flush nounted, adjacent to the

bed, with the center 4 feet above the floor. \Wen the cordset is renoved from
the station, a call shall autonmatically be placed to the nurse control

station. A conbined station with individual features for each bed, wll be
used in two-bed roonms. Provide a 6-foot cordset for each patient bed. Select
the type of cord sets fromthe follow ng:

a) Call button.
b) Geriatric call button.
c) Oxygen tent call button.

d) Pillow speaker: mcrophone with radio/TV control and call
but t on.

e) Pillow speaker: microphone with radio/TV control, auxiliary
equi prent control, and call button.

f) Medical nonitor cable.

3.2.3 Toilet Stations. This station shall be nmounted adjacent to the
toilet, with the center of the mounting box 3 feet above the floor.

3.2.4 Shower Stations. This station shall have a waterproof mounting,
with the center of the mounting box 6.5 feet above the floor. The shower
station shall have a 6-foot nylon pull cord.

3.2.5 Staff Stations. In exanmining rooms and recovery roons, the station
shal |l be mounted with the center of the mounting box 4 feet above the floor.
In operating roons, the station shall be nounted with the bottom of the
station at least 5.5 feet above the floor. El bow or foot switches shall be
provided. Staff stations do not receive patient audio or visual signals.

3.2.6 Duty Stations. These stations shall be placed in utility roomns,
medi cal preparation roonms, nedical records rooms, formula roons, delivery
roonms, and nurse lounges. They shall be nounted with the center of the
mounting box 4 feet above the floor. The duty stations shall alert the
nursing staff, both audibly and visually, that a patient is requesting aid.
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3.2.7 Corridor Lanps. These shall be nounted on the ceiling or wall
above the door of each patient room \Wen all door |anps cannot be seen from
a corridor, zone lanps nmust be installed.

3.2.8 Psychiatric Patient Stations. This patient room requires tanper
proof equi pment for patient and staff safety.

3.2.8.1 Patient Stations. This station shall be mounted 4 feet above the
floor. If the roomis also to be used as a standard patient room a cordset
receptacle equipped with a tanper proof cover nust be provided. The
receptacle shall be nounted adjacent to the patient station.

3.2.8.2 Emergency Switches. This switch shall only be operable when the
door switch is activated. It shall be nmounted 3.5 feet above the floor.

3.2.8.3 Door Switch and Lanps. These shall be nounted outside the room on
the strike side of the door, 3.5 feet above the floor. This key controlled
switch shall activate the room emergency switch, light an entry indication at
the nurse control station, and light the indicator lanmp at the key switch.

3.2.9 Code Blue Stations. A switch operation will light an indicator
lanp on the switch plate and activate the code blue indicator at the nurse
call station and other staff locations, as specified by the facility. It
shall be located in intensive care roons, 3.5 feet above the floor.

3.2.10 Zone Lanps. Zone lanps are installed when all door |anps cannot be
seen from a corridor. A zone lanp will be located in each corridor to alert
the nursing staff that a nurse call has been placed in the zone indicated by
the zone |anp.
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Section 4: HOSPI TAL DOCTOR PAG NG SYSTEM

4.1 Description. This system passes nessages to doctors. The quantity
of data conveyed varies by system and vendor. The hospital telephone operator
potentially or the tel ephone system may function as an intermediary.

4.1.1 Audio Paging. This system uses speakers to transmit voice or
audi bl e coded nessages, It is reconmended where the features of a radio
pagi ng system are not justified.

4.1.2 Radio Paging. This transnmits coded or voice nmessages over a radio
frequency channel. The paging system can be connected to the tel ephone
system allowi ng paging from staff tel ephones. The system can al so be used as
a doctor registration system If outside comercial paging systens are
available to the hospital, they should be considered as an alternative.

4.1.2.1 Tone Paging is acconplished by a beep signal. The user nust then
contact a central dispatcher for the message

4.1.2.2 Vi brati on. Pagi ng is acconplished by a vibrator. The user nust
then contact a central dispatcher for the nessage. This method shall be used
where a discrete signal is required, or disturbance of others should be

avoi ded.

4.1.2.3 Visual Display. These receivers contain light emtting diodes or
liquid crystal display nessage indicators. The receivers are provided with
either tone or vibration alerting.

4.1.2.4 Voice. These receivers are capable of receiving voice nmessages,
and are provided with either tone or vibration alerting. The voice nessages
can only be heard on the called receiver.

4.2 Requi r enent s. The pagi ng system shall be operated fromthe

tel ephone system or fromone or nore control |ocations as designated by the
facility. See DM 33 Series. \Wen nore than one paging origination |ocation
is required, the system nust be capable of indicating the location requiring a
reply. The hospital doctor paging system nust be connected to the energency
power system  See NEC Part C

4.2.1 Audio Paging. When audio paging is required, use the sound system
described in Section 7 of this handbook

4.2.2 Radio Paging. This systemis easily expanded to 1000 receivers. A
25 percent spare capacity shall be provided initially. Were required for
adequate coverage, additional transmitters will be provided. The system
features nust be provided to match the receiver features.
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4.2.2.1 Control Unit. The system shall be controlled via the tel ephone
system
4.2.2.2 Receiver Battery Charging Racks. Receiver battery charging racks

for recharging the receiver batteries will be provided, near the entrance used
by the doctors, for the initial quantity of receivers. Contiguous space for
mounting 25 percent nore battery charging racks nmust be avail able. If doctor
registration is required, the battery charging racks shall be equipped for
this feature as described in Section 5 of this handbook.

4.2.2.3 Antennas. Antennas shall be provided and |ocated as directed in
M L- HDBK- 1012/1, Electronic Facilities Engineering
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Section 5. HOSPI TAL DOCTOR REG STRATI ON SYSTEMS

5.1 Description. A doctor registering systemindicates whether the
doctor is in attendance at the facility. Messages received before the doctor
has arrived are transmtted by a recall feature, which indicates nessage(s)
are waiting upon "in" activation.

51.1 Manual .  The doctor registers "in" or "out" by manual sw tching at
a nane indicator. If a message is waiting a "nessage waiting" indication is
activated by "in" registration. This systemis econonm cal when the staff is
small. These systens can be found in existing mediumto |arge hospitals which

were constructed before the availability of an automatic system

5.1.2 Automatic. The doctor activates an entry/exit register, by either
dialing a code nunber or using a coded card. “Infout” status can be checked,
by dialing the doctor's nunber at any inquiry station. Tel ephone operators
use an operator's console to codify "nmessage waiting" indications such as
“call operator” and "call your office," The nobre expensive conponents are
justified for use in mediumto large installations, by savings in wring
costs, reduction in wall space, nore efficient operation, and easy expansion.

5.1.3 Tel ephone.  This systemis called via any tel ephone in the
hospital. Registering "in" or "out" is acconplished by nmeans of the

tel ephone, and recorded nessages are received. Video displays are |ocated at
strategic locations. The display lists the doctors who are checked "in" and
shows a flashing asterisk after the nane when a nessage is waiting.

5.2 Requi renent s. Preferably, all control cabinets and power supplies
shoul d be located with other hospital comrunication control equiprment. See
DM 33 Series. Name indicators or entry/exit registers should be |ocated at
all doctors entrances, and nust include nessage waiting features. The
hospital doctor registration system nust be connected to the energency power
system See NEC Part C.

5.2.1 Inquiry Stations. On automatic systems, inquiry stations allow
determination of "in/out" status, in offices needing such infornation.
"Infout" actuation or initiation of any call nessages cannot be made at these
stations.

5.2.2 Video Displays. These shall be located adjacent to the tel ephone
operators, in the doctors lounge, in intensive care, and other areas needing
this infornation.

5.2.3 Adnministration Terminal. On autommtic systens, the administration
terminal shall be located adjacent to the tel ephone operator or at an
adm nistrative location as required by the facility.
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Section 6: | NTERCOMMUNI CATI ON SYSTEMS

6.1 Description. An interconmunication system allows voice

comuni cati on between two or nore points, where distance or background sound
makes normal conversation inpossible and frequency of use makes tel ephone
communi cation inmpractical. Stations may originate calls or may only be able
to reply to calls; area nonitoring is another feature. Materials and

equi prent shall be in accordance with NFGS-16760, |ntercommunication Systens.

6.1.1 Mast er -t o- speakers. This system utilizes one master station, and
as many speaker stations as necessary. The nmaster can talk to all other
stations, collectively or individually. Speaker stations reply only to the
master. This system establishes communication at |ow cost, with inherent |ow
flexibility.

6.1.2 Master-to-Master. This systemutilizes only nmaster stations. Any
station can talk to any other in the system providing maxinum flexibility at
hi gh cost.

6.1.3 Compound Systems. This system has sone naster stations that talk
to all or a nunber of the other stations, and sone speaker stations which
cannot originate calls. This type of systemis a conpronise between
flexibility and cost, and should be considered for interbuilding systenms where
many snall interdepartmental master-to-speaker stations are necessary.

6.1.4 Power Line Transmission. These systens use |ow frequency carrier
applied to the power line to transmt between stations. This feature allows
easy and econom cal systeminstallation. Connecting the stations into the AC
electrical outlet is all that is required.

6.2 Requi renent s. The necessity for a master or a-speaker station at a
specific location is usually determ ned by the using agency. \Wen this
information is not available at the time of design, only a raceway and outl et
system wi || be provided.

6.2.1 Raceway Size. \Where conmunication requirenents are unknown, and
only a raceway systemis provided, 3/4-inch conduit should be installed.

6.2.2 Power Line Transmission. This system may be used when a tenporary
requi renent exists and installing conduit or exposed wiring is inpractical or
unsi ghtly.

6.2.3 Stations. Any stations which can be called by nore than one
station should display a visual indication which identifies the calling
station. This will be in addition to an audible signal. The visual indicator

must remain activated until the call has been answered. \Where conpound
systens are provided, the project drawings shall contain a chart indicating
the features and interconnection required for each station.
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Section 7:  SOUND SYSTEMS

7.1 Description. A sound system provides audi bl e coverage of |arge
spaces by anplifying the applied sound and by carrying the sound to renote

| ocations. Mcrophone, tape player, radio, or tone inputs nay be used. The
systens are used for instruction, entertainnent, paging and energency
announcenents.

7.2 Coverage. A sound system may cover only one room many roons in a
bui |l ding, several buildings, and outside areas. Wthin each listening area,
either a central or distributed type may be used.

7.2.1 Central Sound Systens. This system utilizes one or nore speakers
| ocated near the microphone. Such a system suppl ements room acoustics
efficiently w thout appearing to change location of the person talking. For
| arge spaces, power requirements are great and echoes and reverberation
effects can be troubl esone.

7.2.2 Distributed Sound Systems. This system uses nany |ow |evel
speakers distributed throughout the areas covered. Large areas can thus be
served effectively by proper choice of speaker |ocations, at the expense of
directional realism

7.2.3 Zoned Sound Systems. Sound systems covering many listening areas
shal| be zoned. This pernits programming and announcenents to be directed to
the appropriate zone(s), wthout distributing to the remaining zones.

7.3 Conponents.  These include: an input source such as mcrophone(s),
program equi pment, or tone generating equipnment; sound reinforcing devices
such as anplifiers and mxers; the transm ssion medi um such as cable and
twisted pair wire; output devices such as speakers and horns; and control

devi ces such as nmonitors, volume controls, input selectors, and zone
selectors. Provide a dedicated cable system independent from other

t el ecomuni cati ons servi ces.

7.3.1 M cr ophones. M crophones shoul d be selected to suit the usage
anticipated. This mght be paging, lecturing, stage performance, or audience
participation. In selecting mcrophones, consider the follow ng:

7.3.1.1 | npedance. Low inpedance, high quality nicrophones shoul d al ways
be required. They provide superior sound reproduction. Furthernmore, they are
necessary where a built-in preamplifier is not practical and |ong cable runs
occur between nicrophones and associ ated equi pnent.

7.3.1.2 Directional Patterns. Use an ommidirectional pattern when a person
speaking is no nore than 6 inches fromthe mcrophone. Qherw se feedback can
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be a problem Use cardioid or figure eight patterns to reduce feedback when
t he speaking distance is greater than 6 inches or when group conversations are
necessary.

7.3.1.3 Location. M crophones are usually attached to floor or table
st ands. If nobility is necessary, mcrophones may be worn around the neck or
attached to clothing

7.3.1.4 W ndscreens.  Wndscreens shall be used when a nicrophone is used
out doors during adverse weat her conditions.

7.3.2 Amplifiers. Various types of anplifiers are available and should
be located to provide convenient control

7.3.2.1 Preanplifiers. Use preanplifiers to match the microphone inpedance
and sound |evel to the power anplifier input requirements. Mst mcrophones
contain built-in preamplifiers. Wen external preanplifiers are required

they shall have volune and tone controls and should be |located as close to the
m crophone as possible.

7.3.2.2 Mxers. Use a nixer anplifier for systens with nultiple mcrophone
and other input sources. Mxers shall include individual I|evel controls for
each input, and master gain and tone controls.

7.3.2.3 Power Amlifiers. Use a power anplifier for each program
distributed sinultaneously. Provide additional power anplifiers as required
for adequate sound |evel at renote |ocations. The necessary capacity of any
anplifier is determ ned by the maxi num | oad due to output devices on any
channel at any particular time. The output inpedance of power anplifiers nust
mat ch the characteristics of the sound reproducing devices.

7.3.2.4 Conpressor-Limter Anplifiers. Use the conpressor-linmiter to
provide automatic conpensation for the noverment of speakers, either closer to
or further away from the m crophone.

7.3.3 Sound Reproducers. The nunber and placement of sound reproducers
and the capacity for power handling nust be carefully determned. This
determination will be based on essential coverage, frequency response, and
directional pattern. Directional characteristics vary w dely depending on the
design. Care nust be taken to achieve the desired directional patterns over
the desired frequency ranges.

7.3.3.1 Types. The two basic types of sound reproducers are the cone and
hor n.
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a) Cone. The signal cone type is suitable for low or nmedi um power
l evel s such as for voice paging in snall areas and for background music. The
coaxi al type consists of a dual or triple cone with a crossover network. This
permts a w der range of frequency response than a single cone unit.

b) Horn. The rmulticellular or sectorial horn type of speaker
consists of a driver coupled to a flared horn. It is used primarily for
systens which handl e speech where high power handling capacity is required.
Directional coverage is controlled by horn design. The horn is also used as a
high frequency unit in wide frequency range speakers where high power |evels
are needed. A speaker with a reentrant horn is used for industrial and
out door applications where quality is secondary, such as in voice paging.

C) Conbination. A wde frequency range speaker cluster has a |ow
frequency cone and a horn speaker in a bass reflex or simlar enclosure. The
unit is provided with a crossover network to achieve a w de range of frequency
responses and a high power level. The crossover network must be designed for
the full power handling capacity of the cluster. These are used for high
quality installations of a central system

7.3.3.2 Encl osures. Cone or coaxial speakers require enclosures to
suppress radiations fromthe back, and to increase |ow frequency response.
The volune of the enclosure nust be large enough so as not to reduce response
at low frequencies.

a) Columar enclosures have several speakers arranged in a
vertical array. They inprove intelligibility in reverberant and noisy
| ocations, and mnimze feedback

b) Bass Reflex Enclosures. Bass reflex enclosures are used to
i mprove | ow frequency response of w de frequency range speaker clusters. They
are also used for coaxial speakers.
7.3.3.3 Mountings. There are ceiling and wall nmounted types.

a) Flush nounted ceiling reproducers are used for distributed
systenms.

b) Wall rnounted reproducers, either flush or surface nounted, are
positioned to provide either central or distributed coverage.

7.3.4 Program Sources. Select conponents fromthe following to provide
the required system

7.3.4.1 Conpact Disc Player

a) Single or nultiple conmpact disc (CD) player.
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7.3.4.2 Tape Recorders/ Pl ayers

a) Milti-speed tape decks arranged to provide input to and record
from the system

b) Cassette type equi pment arranged to provide input to and record
from the system

7.3.4.3 Radio Tuners. Provide anplitude modul ation (AM and frequency
modul ation (FM tuners. Install additional tuners when different channels are
connected to different radio stations at the sane tinme.

7.3.4.4 Paging Systens. Provide for mcrophone or tel ephone system paging
access. Provide for zone paging.

7.3.4.5 Tone Generators. Provide the types of tone generators required for
pagi ng and di saster alerting.

7.3.5 Controls. Al systenms require various controls. A conplex system
shal | be equipped with a control console.

7.3.5.1 Monitor. Provide audible and visual nonitoring. A switch shall be
provided to connect the monitors to each channel in multichannel systens.

7.3.5.2 Sinple Systems. Provide input controls on the preanplifiers for
volume and tone. \Wen a mixer is used, provide a volune control per input and
a common vol ume and tone control.

7.3.5.3 Conpl ex Systens. Provide a console, or rack nounted control
devices, to control the follow ng:

a) Each input channel vol ure.
b) Each channel and tone.

c) Connection of each channel to each zone, or any conbination of
zones.

7.3.5.4 Rempt e Vol ume Controls. Volune controls shall be provided at each
renmote room \Wen required, they may be user adjustable.

7.3.5.5 Aut omatic Noise Activated Volume Controls. Use these devices where
sudden ambi ent noi se changes occur, for exanple when a airplane flies
over head.
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7.3.5.6 Failure Detectors. These nonitor power anplifier operation. They
provi de audi ble and visual indication of failure, and will automatically
transfer to a stand-by anplifier. Use where reliable comunication is
critical.

7.4 Cabling. Al cable should be installed in conduit. Speaker wring
can be in 1/2 inch conduit. Al other conduit should not be less than 3/4
inch in size. Mcrophone, program source, mxer, telephone paging cables, and
cable to sound reproducers shall be coaxial or shielded, tw sted pair cable.
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Section 8: CABLE TELEVI SI ON SYSTEMS

8.1 Description. These systens include a famly of systens wth
simlar criteria. They include community antenna television (CATV) systens,
master antenna television (MATV) systems, and closed circuit television (CCTV)
systems. This section provides design guidance for Navy ownership of a
community antenna television system Qher sections of this handbook provide
specific guidance for designing the other three types of systens.

8.2 Source of Signal. The source of signals to be distributed by CATV
systens may be direct off-the-air, satellite earth stations, terrestria

m crowave, and those generated by an on-site studio. Factors to be considered
for each type are discussed.

8.2.1 Direct Of-the-Air. Strength of the broadcast signals at the
receiving antenna determnes the antenna siting, type and nunber of antennas,
and the requirenent for preanplifiers or attenuators.

8.2.1.1 Siting. Due to the nature of broadcast signal propagation, provide
the highest practical, safe, tower |ocation.

8.2.1.2 Ant ennas. If the desired signals are arriving at the receiving
antenna from one direction, and are of sufficient strength, one broadband VHF
antenna and one broadband UHF antenna will be satisfactory. If the desired

signals are arriving frommultiple directions but each have sufficient
strength, multiple Yagi antennas, each turned to the desired frequency may
provide sufficient signal voltage to the headend receivers.

8.2.1.3 Preanplifiers or Attenuators. Wak signals from the receiving
antennas may be strengthened by using a | ow noise preanplifier in the feed
line to the receivers. |If one signal is very strong conpared to ot her

signals, which could result in cross-nodul ation, provide an attenuator
(filter) tuned to that frequency.

8.2.2 Satellite Earth Station. Signals fromearth stations are subject
to transm ssion | oss between the earth station and the comunity antenna
tel evision systemreceiver. Provide anplification as required to deliver the

required signal strength.

8.2.3 Terrestrial Mcrowave. Signals received froma mcrowave radio
termnal may also be subject to transmssion loss. Provide anplification as
required

8.2.4 St udi o. Prograns may be originated by the activity on site and
distributed by the CATV system The cost of the studio and associ ated
equi pnent is dependent on the type and quality of programmaterial. Factors

to be considered include
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8.2.4.1 Lighting. Good television quality is dependent on adequate
lighting of optinmum chromatic mx and adequate air conditioning to renove the
resultant heat.

8.2.4.2 Caneras. Depending on the quality of the signal to be generated
i ncl udi ng nonochrone or color, provide the required nunber, type, and quality
of caneras. Provide one spare canera

8.2.4.3 M cr ophones. Provide the required nunber and quality of
m crophones. Provi de one spare m crophone.

8.2.4.4 Video Tape Deck. User requirenents will determ ne the nunber of
vi deo decks provided.

8.2.4.5 Envi ronnent . The studio nust be treated against acoustic and |ight
reverberation.

8.2.4.6 Electronic Controls. Consideration nmust be given to the follow ng:

a) Mxers are used to feed various sources of audio signals into
one transmssion |ine.

b) Faders are used to decrease the signal strength from one video
source as the strength froma second source is increased.

¢) Audio-video nodulators are required to condition the signal for
di stribution over the CATV system networKk.

d) Amplifiers are required to increase the signal strength to a
level required by the distribution network.

8.3 Headend Equi prent. The electrical equipment required in the
headend will depend on the quality and intensity of the received signals, and
on the bandw dth of the signals to be distributed. Equi pment that nust be
consi dered includes:

8.3.1 Filters. These are used to attenuate extraneous noise

8.3.2 Converters or Video Processors. These are used to convert the
frequency of a received signal, or a band of signals, to a different frequency
to reduce the cost of the distribution network.

8.3.3 Pilot Carrier. This is used to regulate the strength of the
distributed signals as incomng signals fade, tenperatures change, and aging
of equi pment affects the signal intensity.
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8.3.4 Passive Combiner Network. These are used to conbine signals from
the nultiple antennas, into a single frequency band, for injection into the
receiving anplifier.

8.3.5 Overvol tage Protection. Provide protection against power |ine
surges (spikes) and overvoltages.

8.4 Distribution. Signals fromthe headend are distributed to the
tel evision receivers through the cable distribution network.

8.4.1 Trunk Cable. Provide low |oss coaxial cable or fiber optics cable,
depending on cost, and equi prent interconnection requirenments.

8.4.1.1 Equalizer Amplifiers. These are required to neutralize the
transmission loss in the preceding cable section. Calculate the change in
signal level, fromone extreme of tenperature to the other extreme, and
provide autonmatic |evel and slope anplifiers as required.

8.4.1.2 Bridging Anplifiers. These are used for bridging distribution
cable to the main trunk cable. A ternminating bridging anplifier is used at
the end of the trunk cable for inpedance matching and | ocal distribution.

8.4.2 Distribution Cable, Since distribution cables tend to be
relatively short, a higher |loss coaxial cable is feasible and nore economical.

8.4.2.1 Trunk Amplifiers. Few anplifiers are used in cascade on
distribution cable. Consequently, they do not have to nmeet the strict
tolerance for level, slope, and distortion products as required for trunk
amplifiers.

8.4.2.2 Distribution Line Tans. Taps may be single or nultiple (up to 8),
dependi ng on the closeness of the users.

8.4.3 Subscriber Service Cable. A flexible, polyethlyne-foam insulated,
copper-covered steel conductor cable, with a copper braided shield, is
nornmal |y used for the service cable. In areas subject to a strong radiated

signal from nearby TV broadcast stations, service cable with nultiple shield
(all properly grounded at both ends) are used to minimze ghosting.

8.4.3.1 Splitters/Couplers. These are used if the signal is to be supplied
to nmore than one TV receiver on the prenises.

8.4.3.2 Converters. Provide converters or signal processing equipnment
as required to convert the incomng signal to the desired channel in the TV
carrier.

8.5 Design Schematic Drawings. Provide an RF signal |evel draw ng and
an AC power drawing, in schematic form for the entire system
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8.5.1 RF Level Drawings. Calculate and post, to a schematic draw ng of
the entire system the required signal level in dBnV at key points including
the nost distant TV receiver.

8.5.2 AC Power Drawi ngs. The voltage drop in coaxial cable for the trunk
and distribution network nust be calculated. This will determine the

[ ocations of the AC power feed points along the route which nust be posted to
the AC power draw ngs.

8.5.2.1 Fusi ng. Specify the type and current carrying capacity for all
fuses.

8.5.2.2 G oundi ngs. Specify the type, location, and maxi mum perm ssi bl e
resi stance of grounds.

8.5.3 Cable Shielding: and Gounds. Specify the method to be used in
connecting the cable shield to the grounding nedium  Specify the type of
ground and the nmaxi num permi ssible resistance.

8.5.4 Thi ngs to Consi der

a) One-way or two-way distribution system
b) Frequency spectrumto be distributed.
c) Nunber and direction of channels and frequency of each.

d) Required mnimm and maxi mum signal level, in dBnV, at user TV
i nput .

e) Maximum cross-nodul ation permtted.

f) Optimm automatic gain control required.

g) Mnimum carrier to hum ratio required.

h) Mnimum carrier to noise ratio required.

i) Linearity of signal required at user TV input.

j) Maxi mum radi ated signal strength permitted at any location in
t he network.

8.6 Const ruction. The construction of CATV system cable networks is
very simlar to tel ecommunication cable networks, as described in Section 2 of
this handbook, with sone special precautions. Regardless of the type of
construction, it is especially inportant that the cable shield be continuous

t hrough splices and equi pment housings. This shield should be grounded at
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each end and at a maxi num spacing of 1000 feet. The radius of bends nust not
be less than the mni mum recommended by the manufacturer.

8.7 Proof of Perfornance. Tests shall be made, and the results
conpared to the technical requirements, after the system has been in full
operation for 10 days. A record of these tests should be retained as a guide
to future maintenance and adj ustnents.

8.8 Docunent at i on. Provide for copies of all manuals required for
operation, adjustnment, and naintenance of the equipnent installed.

8.9 Label i ng. Require that all electronic equipnment be permanently

| abel ed showi ng conponent nane and supplier's part nunber.

8.10 As-Built Draw ngs. Include a requirenment for as-built drawi ngs of
the entire system The distribution network should be drawn to a scale of not
less than 1 inch equal to 200 feet. Drawi ngs shall show the locations of all

equi pnent, cross-referenced to the item nunber listed in the docunmentation.

34



M L- HDBK- 1004/ 7

Section 9: MASTER ANTENNA TELEVI SI ON SYSTEMS
9.1 Description. A master antenna television systemreceives the
signals fromlocal television stations or satellite repeaters, anplifies the
signals, and distributes them to using locations.

9.2 Requi r ement s

9.2.1 Antenna. The type of antenna is determ ned by the frequencies
covered and the strength of these signals. Several antennas may be needed to
cover all required frequencies.

9.2.1.1 Location and Orientation. The exact location and orientation of
antennas shoul d be determ ned by a signal strength survey.

9.2.1.2 Lightning Protection. The requirements for |ightning protection
shoul d be followed as provided in M L-HDBK-1004/6, Lightning Protection.
Where |ightning protection devices nmust be installed, ensure that proper
grounding is provided.

9.2.2 Anplification. Preamplifiers and anplifiers should be used as
fol | ows:
9.2.2.1 Preamplifiers. Preanplifiers should be used when incom ng signals

are too weak to be accepted by the anplifier.

9.2.2.2 Anplifiers. Amplifiers should be used for signal anplification, as
required, to overcone distributing system | osses and to provide suitable
output. A broadband anplifier nmay be suitable if it can cover all incomng
channel s and maintain adequate signal |evel inputs to the distribution system
O herwi se, single channel anplifiers for each input channel may be necessary.

9.2.3 Distribution. The distribution system cable characteristics and
installation instructions provided in NFGS-16782, Master Television Antenna

System shall be used.
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Section 10: MASTER ANTENNA FREQUENCY MODULATI ON SYSTEMS

10.1 Distribution. This system receives the signals fromloca
frequency nodul ation radi o broadcasting stations, anmplifies the signals, and
distributes themto user locations. Frequency nodul ated systens should be
incorporated with the master antenna television system The cost is thus
greatly reduced.

10. 2 Requi renent s. Materials and equi prent shall be in accordance wth
NFGS- 16782
10. 2.1 Antenna. The type of antenna is deternmined by the frequencies

covered and the strength of received signals.

10.2.1.1 Location and Orientation. The exact location and orientation of
antennas shall be determ ned by a signal strength survey.

10.2.1.2 Lightning Protection. The criteria for lightning protection are
provided in M L-HDBK-1004/6. Where lightning protection devices nust be
installed, ensure that proper grounding is provided.

10. 2.2 Anplifiers. Provide anplifiers in accordance with the requirenents
for master antenna television systems. See paragraph 9.2.2. \Wen a master
antenna television systemis also provided, the master antenna frequency

nodul ation system anplifiers shall couple into the television system
distribution network.

10.2.3 Di stribution, The cable characteristics and installation
instructions provided in NFGS-16782 shall be used for the distribution system
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Section 11: CLOSED CIRCUI T TELEVI SI ON SYSTEMS

11.1 Description. A closed-circuit systemtransmts video and, when
desired, audio signals over cable circuits. Cosed-circuit television systens
are used for functions such as security surveillance, program transm ssion,
training, and nonitoring.

11.2 Applications. Representative applications listed bel ow satisfy
requirenents based on the use of a single function.

Applications Requirenents

Application Requi renent s

Chem cal |aboratories
Envi ronnental chanbers
Fur nace fl anmes

Gate

Jet engine testing
Loading platform
Printed information

Br ogs

Psychiatric interview
Radi oactive areas
Railroad cars

Room surveil | ance
Silent paging

Smoke contro

Surgery

Training

\War ehouse

Wat er gauges on boilers

(each gate)

one canmera every 100 feet)
2.1 interlace)

—~~—~

o @

D
B, C D
depends on area to be covered)

(

>P>WP>O0OFP>o00>O0M>>m>

A = Canera, nonitor.

B = Renmpte control of canera.

C = Caneras (nore than one), nonitor, video sw tcher, console.
D = Canera and nore than one nonitor.

E = Rugged canera, nonitor

NOTES: 1. Provi de energency power for all applications where |oss of system
woul d be hazardous.

2. Video tape recording mght be required on nany of the
applications.

When nore than one function is required, the resulting system can

make multiple use of nonitors and tape recording by neans of switches. Wen
compl ex systems are required, control consoles shall be used. The ninimum
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requirenents for a closed-circuit television systemare a canera with suitable
lens, a transmission nmedium and a receiving device known as a nonitor.
Closed-circuit television systens, including conplex systens, can be assenbl ed
as required fromthe foll owi ng conponents.

11.3 Caneras. A nodern canera is a small unit containing solid state
integrated circuits, with the exception of the camera tube. The camera shoul d
be selected in accordance with the application to be served.

11.3.1 Envi r onnent . Caneras operate within an anbient tenperature range
of 14 degrees F (-10 degrees C) and 122 degrees F (50 degrees C), and with an
anbient humdity less than 90 percent. For extreme tenperatures, see

paragraph 11.4.1 of this handbook

11.3.2 Resol uti on. The picture detail is determned by the nunber of
hori zonal scan lines and the nethod of field interlace.

11.3.2.1 Scan Lines. The nunmber of horizontal scan lines shall not be less
than 525, as set by the National Television Standard Committee. \Wen inproved
resolution is required, e.g., surgical observation, higher scan rates shall be
provi ded.

11.3.2.2 Interlace. Interlace describes the condition by which the lines in
the second of two successive fields in a picture tube are spaced between the
lines in the first field. An interlace of two to one should be used when fine
details are required, in multi-camera/nulti-equipnent systens, and whenever
standard TV receivers are used. A randominterlace canmera should be used in
all applications where detailed observation is not required or where multi-
canmera/ mul ti-equi pnment systems will not be used.

11.3.3 Automatic Iris. This autonatically varies the camera amplifier
sensitivity to conpensate for variations in light levels. Caneras are
available with ranges up to four billion to one) A mechanical iris on the

lens is not required.

11.3. 4 Canera Tube. The selection of a camera tube is determned by the
scene illumnation avail able.
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Typical Scene |llumnation

[11um nation Foot candl es

Cl ear Sunlight 3,200 to 10, 750

Overcast Day 300 to 1,075

Sunri se/ Sunset 50

Twi i ght 0.5

Full Moon 0.003 to 0.03

Starlight 0.00001 to 0.0003

Overcast N ght 0. 000002 to 0.00002
11.3.5 Monochrone/ Color.  Col or television systens are used only where
color need has been justified, i.e. for hospital surgery, industrial process

monitoring, or broadcast service.

11.3.6 Lens Selection, Select the lens speed based on the amount of |ight
required on the camera tube. See paragraph 11.3.4. Select the lens focal
length to provide the desired view. Tables are available that give scene
dimensions for different focal lengths, at a range of view ng distances. When
a canera is required to view scenes requiring various focal |engths, a zoom

| ens shoul d be used.

11.4 Canmera Housi ngs and Muntings
11.4.1 Housings. A wide variety of housings are available for both indoor
and outdoor use. I ndoor housing includes decorator styled npbdels, and nodel s

for drop ceilings. CQutdoor nodels include rugged weatherproof designs, wth
accessories such as heaters, defrosters, coolers, sun shields, washers, and
W pers.

11. 4.2 Mount i ngs. These are available in a wide range from decorator
styled units to heavy duty weatherproof nodels. They can automatically scan
or be renotely controlled for pan and tilt.

11.5 Moni tors. Monitors nust have the sane resolution and type of
interlace as caneras. The nonitors should be located for mninmumlight

refl ections on tube faces. Avoid vertical mountings. Grcular polarized face
pl at es should be used where anbient lighting is high. For distances between
monitors and observers, see below. Miltiple 17-inch nonitors should be used
wherever possible for a large group of observers. The table bel ow provides

t he mini mum nonitor sizes.
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No. of Di st ance Moni tor size
observers in feet (mllimetersl in inches (mllineters)
1 5 (1525) 6 (150)
1 10 (3050) 8 (200)
2 15 (4575) 14 (350)
3 20 (6100) 17 (430)
4 30 (9100) 21 (530)
5 35 (107000) 24-27 (600-700)
11.6 Tel evision Projectors. Television projection systems are used for

| arge group observing with novie theater type lighting.

11.7 Vi deo Tape Recorders. Time-lapse video tape recorders shall be
used when security surveillance recording is required, and shall contain a
date/time generator. See M L-HDBK-1013/1, Physical Security of Fixed Land-
Based Facilities. When used in a systemwth nore than one canera and
switches, the cameras shall use external synchronization which is controlled
by the time |apse recorder. When critical scenes are connected to a scanner,
alarmcal lup shall be used.

11.8 Video Switchers. These shall be used when nore than three nmonitors
are required at one observing location. Wen critical scenes are connected to
a scanner, alarmcallup shall be used.

11.9 Mtion Detectors. These shall be used for security surveillance
where there might be periods of tine, in excess of 15 minutes, w thout any
scene activity. See ML-HDBK-1013/1. The notion detector shall activate an
audio alarm activate the alarmcallup of switchers, and activate the tine

| apse video recorder al arm sequence.

11.10 Consol es. These shall be provided when the nunber of nmonitors at
one |ocation exceeds six. The console shall contain the nmonitors, the video
recorders, associated visual and audio alarns, and all system controls.

11.11 M croprocessor Control . This unit shall be considered when nore
than six caneras are nonitored from one |ocation, or two or nore caneras
require tilt/pan adjustment to view four or nore scenes.

11.12 Transmi ssion Distribution. Cable distribution is used for nost
closed-circuit systems. \Wen program material is distributed, the

transmi ssion can be sent over a community antenna tel evision system network.
See Section 8 of this handbook.

11.12.1 Cable Distribution. Tel ephone cable is often used as a part of the
distribution system however, coaxial cables provide higher quality pictures
and are |less susceptible to noise interference.
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11.12.2 Radi o Frequency Distribution. The use of radio frequency
distribution should be limted to circunstances such as the follow ng:

a) Were nmaster antenna systens are available for picture
distribution.

b) Were lower quality pictures are acceptable.
c) Wiere standard television receivers are used.
d) Where there are no security restrictions.

11.12.3 Mcrowave Distribution. A license nust be obtained fromthe

Federal Communication Conmission to operate this systemwthin the United

St at es. Such distribution is not advised nornally for use on naval

install ations. Its use may be considered where video nust be transmitted |ong
di stances and tel ephone lines are not available. A line-of-sight path nust

exi st between transnmitting and receiving equipment. \Wen lines of sight are
not available, the signals nmust be relayed by reflectors. Two or nore

m crowave |inks can be connected in series for long distances, that is for
over 20 miles.
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Section 12: CLOCK PROGRAMM NG SYSTEMS

12.1 Clock System Description. A clock systemcontrols all clocks
within a building, or a number of buildings, so that they all indicate the
same tine. Cock systems are usually provided where accurate time is required
for multiple clocks. These systens are recommended for use in acadenic

envi ronnents where cl assroom cl ocks shoul d be synchronized with tone signals.
Master clocks are provided with battery back-up to maintain correct time
during power outages. \Wen power is returned, the master clock sets al

clocks to the correct tine. Cock systems can be incorporated into energy
nonitoring and control systens.

12.2 Program Control Description. A program control system uses a
central tinmer to signal nunmerous renote devices. Al devices on a circuit are
signalled simultaneously. The central timer can have several circuits
individually scheduled. Program control systems can be incorporated into a
clock or energy nonitoring and control system

12.3 Wring. Host systens can operate using both of the follow ng

wi ring nmethods sinultaneously.

12.3.1 Direct Wred. This systemrequires dedicated wiring to al
secondary clocks and program control |l ed equi pnent.

12.3.2 Power Line Carrier. This system controls secondary clocks, and
program equi pment, by carrier currents transmtted over the building AC
secondary distribution system In a multi-building facility, the prinary AC

di stribution systemis used.

12. 4 Requi renent s

12. 4.1 Master C ocks. When power |ine synchronization is not adequate
crystal control can be used to maintain clocks within a 2-second variation per
mont h.

12.4.1.1 El ectronechani cal . These cl ocks are not recommended because of
greater nmintenance requirements and the difficult procedure for setting the
control devices

12.4.1.2 Electronic. This type of master clock should be used because of
reduced mai ntenance requirements, sinple procedure for setting controls, and
increased flexibility of control

12. 4.2 Secondary d ocks

12.4.2.1 Clock Size. Cock sizes are determ ned by maxi mum view ng
di stances and relation to architectural designs. M nimm recommended sizes
are as follows:
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Di st ance D anet er
feet (mm inches (mm
100 (30 000) 12 (1300)
150 (45 000) 15 (375)
150 and over (45 000 and over) 18 (450)

Digital clock nunmbers shall be 2 inches high with a maxi mum vi ewi ng di stance
of 50 feet.

12.4.2.2 Anal og. Twelve or twenty-four hour clocks, with style to match
architecture, shall be provided as required by the facility.

a) Manual - Reset, Goup-Correcting Type. These clocks have dual
synchronous notors. The system can be the |east expensive, but it has a high
degree of inaccuracy. It is appropriate where group time indication is
necessary, such as at academic facilities.

b) Automatic, Individual, Self-Correcting Type. This system
i sappropriate where accurate time control is required.

12.4.2.3 Digital. Twelve or twenty-four hour clocks can be provided as
required by the facility, Some digital clocks are available for alternate use
as an interval tiner with |ocal controls.

12. 4.3 Program Control. Although a program machine with accessories
constitutes a system it can be incorporated within other systens. A tie-in
with a clock systemis the nost common arrangement. A program nachi ne shoul d
i nclude a channel for each function plus 25 percent spare capacity. St andard
equi pmrent provides 6 or 12 tine control channels. Select a wired or a

nonwi red type based on the sanme criteria as for clock systens.

12.4. 4 Wring. In the selection of a type of connection, flexibility and
initial cost should be considered.

12.4.4.1 Wred. A wired systemhas little flexibility. It is econom cal
for small installations but not for those involving large scattered areas.

12.4.4.2 Nonwired. A nonwired system allows great flexibility because
controlled equi pment may be connected to the nmpst convenient unsw tched
el ectric power circuit. This system should be used where clock density
exceeds one per 40 square feet.

a) Transnitters. Transmitters are required for nonw red systens
(signal generators where appropriate) and shall be located in an equi prent

room They should be connected as close as possible to the main incon ng
secondary or primary electric power supply. \When program controlled devices
are used, equip transmtter with a code frequency for each channel.
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b) docks. They can be plugged into any unswitched electric
outlet.

c) Programmred Control Devices. These require receiving equipnent.
One receiving unit shall be used to control as many devices as possible having
the sanme program control requirenents.

12.4. 4.3 Conbi nation of Wred and Nonwired. On large systems, when there
are areas of concentrated requirenents separated from each other as in a
canpus environnent, the concentrated areas can be wired to a receiving unit
controlled by a master clock transmitter.

12.4.4.4 Program Control |l ed Devices Power Source. These devices may be
connected to any unswitched 120V electrical circuit. They may be directly
wired or plugged into any unswitched electrical outlet. \Wen operation of a
devi ce nust continue during a power outage a suitable reserve power source
must be supplied.
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Section 13: WATCHVAN TOUR SYSTEMS

13.1 Description. A watchman tour system checks that a watch tour was
made by neans of the stations located along the route. The system provides a
permanent record of the tine the watchman checked in at each point. This

systemis required in all buildings with day or night watch service.

13. 1.1 Manual . In this system portable recording clocks are operated by
key stations strategically located along the watch route. This systemis not
r ecommended.

13.1.2 Electrical. This system consists of tour stations wired to a
central station. As each tour station is activated, an indication is received
at the central station. A circuit checking feature shall be provided to
indicate circuit faults.

13.1.3 Conbi ned Electrical and Manual. Conbination may be used when
tenporary tour stations are established, or an existing manual systemis
ext ended.

13.2 Requi renent s. An entire building or structure rmust be covered.
Each conplete route should not take nore than 40 minutes to traverse. Station
| ocations should be such that shortcuts by stairways, elevators, or bridges
cannot be nmade. I ndi vi dual stations should be mounted securely on walls,

about 38 inches above finished floors. Tour systems shall be conbined with
renote control and nonitoring systens when such systens are provided. See
Section 16 of this handbook.

13. 2.1 Wat chman's G ock. Where electrical tour stations are provided,
each wat chman nust be provided with a recording key.

13. 2.2 Wat chnman' s Key
13.2.3 Tour Stations. Select tour stations fromthe follow ng:
13.2.3.1 Manual . Provide a surface or flush nounted container wth hinged

door and with the key attached by a tamper proof chain. \ere appropriate, as
in public areas, provide a |ocked container.

13.2.3.2 Tenporary. \When a tenporary tour station is required with an
electrical system provide a stationary, recording, key-controlled watch
clock, with a 7-day recording disk.

13.2.3.3 El ectrical. Provide a key operated switch to establish an
electrical indication of the tour station at the central station.

13.2.4 Central Stations. Electrical systens require a central station to
receive and record the signal sent from each tour station. The recording
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device nust automatically produce a permanent record of time and station
number of each tour station signal. Provide appropriate optional features
fromthe following I|ist

a) Signal Lanps. For each tour station, a signal lanp shall [ight
at the central station after each tour station signal. These |lanps shall be
automatically reset after the route is conplete.

b) Tour Alarm This feature causes an audible and visual alarm
when the tour stations are not operated within a programred check-in tine.

13.2.5 Tour System Conmuni cation. When the facility requires

communi cation with the watchman, the use of planned or existing comrunication
systens (pagers, intercom systens, two-way radio) at the facility should be
consi der ed. If these systens are inadequate, the tour system can be equipped
with the follow ng:

13.2.5.1 Recall Lights. These are used to indicate that the central station
personnel w sh to communicate with the watchnan

13.2.5.2 Tour Station Tel ephone. In locations where avail abl e tel ephones
are nore than 100 feet away fromthe tour station, provide a restricted
t el ephone at the tour station.
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Section 14: DI SASTER ALARM SYSTEMS

14.1 Description. A disaster alarm system alerts personnel to the

exi stence of natural or man-made disasters. Signals nust be coordinated with
local civil defense and disaster area authorities. Similar systems can be
used for facility disaster alarms. However, when both are to be used, care
must be taken to provide a distinct tone and signal for each system

14.2 Requi renent s. Systens are conposed of actuating devices, signal
devices, power sources, and appropriate controls.

14. 2.1 Actuating Devices. Signals are originated by renpte control from
the offices of civil authorities, or by |ocal pushbuttons. Each coded channel
requires a signal cancelling button with a pilot light. An electronic program

control systemcan also be used to actuate signal devices. The nunber of
channels, and their coding, nmust neet the requirements of civil defense and
| ocal area disaster authorities.

14. 2.2 Signal Devices. Horns of a high audi o power output shall be used
as signal devices. Their locations, on structures and buil dings, must provide
signal s | oud enough to be heard over the entire area or activity.

14.2.3 Emergency Power. An energency source of electric power must be
provi ded. See M L-HDBK-1004/4, Electrical Uilization Systens.

14.2.4 Controls. A control cabinet is required, which shall be equipped
with control swi tches, supervisory |anps, coding devices, audible fault
indicators, and test buttons.

14.2.5 Fault Detection. An automatic fault detecting feature shall be
provided to nonitor the signal devices and the energency power source.

47



M L- HDBK- 1004/ 7

Section 15: CENTRAL DI CTATI ON SYSTEMS

15.1 Description. A central dictation systemallows a person to
dictate, at any tinme, fromany tel ephone or special dictation device. The
dictation is recorded for the typist transcription. These are the follow ng
types of systems follow

15.1.1 Tel ephone Connected System  The central recording equiprment is
connected to a PBX tel ephone system This provides a person with the
conveni ence of using any tel ephone for dictation. The user can record, play
back, correct, or signal an attendant by dialing code nunbers.

15.1.2 Dedi cated System  Since the expense of these systens is great,
their use should be limted to |ocations where a tel ephone connection is
unavail able, or where security requirenents justify an independent system A
dedi cated system includes the recording equi pnent, dictating sets, and
connecting wiring. The systemsize varies froma single dictation set and
recorder to many dictating sets, with automatic selecting equi prent providing
connection to several recorders.

15.2 Requi renent s. Systems require central equipnent and can include
dictating sets, connecting wring, and other equipment. See DM 33 Series.
15.2.1 Central Recording: Units. Central recording units record dictations
for later play back by the typist. The followi ng features are required:

15.2.1.1 On-Of Lights

15.2.1.2 | nt er communi cation Controls

15.2.1.3 Voice Operated Relay. A voice operated relay is required, so that
a machine is activated only when the dictating person speaks. This elimnates
pauses on the recording nedi um

15.2.1.4 Lights and Audible Signals. Lights and audible signals indicate
that a recording machi ne needs reloading, a recording nmachine is in use, and
i ntercommunication with the dictating person is requested.

15.2.1.5 Audible Signal. An audible signal warns the person dictating that
the machine is nearing the end of the recording medium This signal shal
all ow the person dictating sufficient time to finish a sentence.

15.2.1.6 Autonatic QOperation. Wen a machine is set for automatic
operation, w thout an operator present, it shall shut off when the recording
mediumis conpletely used. A signal shall remain (on) to alert an operator
that the nmachine has material requiring transcription
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15.2.1.7 Security. Security features shall permt only the person dictating
to play back during a recording period, and only authorized personnel to play
back after termination of dictation.

15.2.2 Dictation Positions. Dictation positions shall be capable of
performing the follow ng actions, wthout recourse to the central recording
unit operator:

a) Connection to an available recording unit.
b) Correction.

c) Quick I|istenback.

d) Full play back.

e) Continuance of recording.

f) Signal to operator.

g) Disconnect fromrecording unit.

15.2.3 Wring. Requirements for acceptable wiring should be reviewed with
manuf acturers, when tel ephone systemwring is not used.

15.2.4 O her Considerations. In the design of a central dictation system
special requirenents could be satisfied by one of the follow ng neans:

15.2.4.1 Conbinations. A conbination recorder and transcriber can be
provi ded when only a limted amount of dictation is recorded. This

conbi nati on should be used when requirements are linmted to a small
departnment, when it is for security, or when specialized dictation naterial
requires transcription by one stenographer.

15.2.4.2 Individual Recorders. Individual recorders are for "heavy"
dictating |oads.

15.2.4.3 Portable Recorders. Portable recorders should be conpatible with

central system transcribers. They should be used where requirenents call for
the person dictating to be in the field, or at |ocations not accessible to the
central system stations.

15.2.4.4 (Of-Site Dictation Positions. The ability should be provided to
dictate into the central system from locations off of the facility, when nany
persons will dictate for short periods and connection costs will not be
excessi ve.

49



M L- HDBK- 1004/ 7

15.2.4.5  Twenty-Four-Hour Recorders. Twenty-four-hour tape recorders night
be necessary, where continuous nonitoring is required. An exanple of this is
when a guard nust log all vehicles passing his post. On-call features of the
central systemcan allow the guard to dictate data directly to the central

recording units.
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Section 16: REMOTE CONTROL AND MONI TORI NG SYSTEMS

16.1 Description. Renote control and nonitoring systenms provide
equi pnent for the Duty Dispatchers at a Central Supervisory Control Station to
nmonitor and control renote equiprment. Distance to the renmpte equipnent is not

a limting factor. Choose transni ssion equipnent suitable for the distance
and functions invol ved.

16. 2 Purpose. Energy monitoring and control systens are being installed
at mlitary installations as the key to a successful energy conservation
program Such systems, in addition to saving energy, protect and linit damage
to equipnent, and allow mal functions to be corrected with nininal service

i nterruption. In addition, these systens operate equi pment only when
necessary, thus extending equiprment life and cutting down on the nunber of
operating personnel required. They also inprove maintenance nanagenent,
performrelated functions such as fire protection, security, life safety, and
other real tinme functions. See M L-HDBK-1037/4, Brigs and Detention
Facilities. Various levels of control are available as follows:

16. 2.1 Basic Local Controls. These are equipnment control systems supplied
or recomended by the equi prent nmanufacturer. These systens turn equi pnent on
or off, depending on sensor activated nessages.

16. 2.2 Single Building Systenms. A microconputer is used to control the

i ndependent |ocal controls of several pieces of equiprment in one building. In
the event of a failure of the microconputer, the local controls shall contro

t he equi pnent

16. 2.3 Limted Area Systens. These systens enploy a mcrocomputer to
control the independent |ocal controls of several pieces of equipnment or

equi pment in several buildings. In the event of failure of the mcroconputer,
the local controls exercise control of the equipnent.

16.2. 4 Basewi de Distributed Processing: Control Systems. These systens
enpl oy a mniconputer which controls nunerous linited area systenms or single
buil ding systems or both. Mass storage of information is used to keep records
and to support a sophisticated software system In the event of niniconputer
failure, the limted area systens shall control the equipnent.

16. 3 Requirenents., A system shall be provided when life cycle costing
or energy conserving guidelines indicate a payback in accordance with existing
criteria.
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Section 17: FIBER OPTI C SYSTEMS

17.1 Descri ption. Fi ber optic systens relate to signal or data
transmssion via light through fiber as opposed to current through electrica
conductor. The fiber nmaterials are made of transparent glass, plastic, or a

conbination of the tw. The fiber optic systens are used in all areas of data
and signal comrunications.

Optical fiber is a non-conductive dielectric naterial and its
dielectric characteristics provide protection against electromagnetic
interference, electromagnetic pulse, and radio-frequency interference. Fiber
optic cables provide many advantages over electrical conductors. They are
lighter in weight and smaller in size while providing w der bandw dth choice,
| ower | osses, no induced noise, no electrical shock hazard, |ower maintenance
conparable life expectancy of 10 to 20 years depending upon installed
environnment, and very high data transm ssion capacity.

Designers should keep in mind that fiber optics are a rapidly
changing field and it is inportant to check what is available in the narket
t oday before proceeding wth design.

17.2 Basic Fiber Optic System A basic fiber optic transm ssion system
consi sts of the follow ng:

a) A transnitter converts an electrical signal to an optica
signal and sends the optical signal into an optical fiber

b) The optical signal transmts through the optical fiber.

c) A receiver accepts the optical signal and converts it into an
out put signal

17.3 Conponents of a Fiber Optic System A fiber optic system contains
three major conponents: the light source, the light detector, and the
transm ssion nedium (optical fiber cable).

17.3.1 Light Source. There are two types: Injection Laser Diode (ILD)
and Light Emtting D ode (LED). ILDs are generally used in digital systens.

| LDs provide greater power output and a narrower spectral bandw dth of |ight
than LEDs, enabling nore power to be coupled into the optical fiber and
providing greater transm ssion capacity or bandw dth. |LDs are not linear,
which limts their capacity to transmt anal og channels. LEDs become
attractive when bandwi dth requirements and the system length pernmt; they are
lower in cost, operate over a w de tenperature range, have a |onger expected
life, and offer greater long-termstability.
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17.3.2 Light Detectors. There are two types: Aval anche Phot odi ode
Detector (APD) and P-type, Intrinsic, N-type Diode (PIN. The light detector
accepts a light signal fromthe optical fiber and converts it into an
electrical signal (current). APDs inprove receiver sensitivity by
approximately 10 dB or nore over PIN detectors, since they provide interna
gain stabilization against tenperature variations. Basically, APDs are better
than the PIN diode for detection, providing higher sensitivity and |arger
responsivity than the PIN detectors; however, they require an auxiliary power
supply and are nore costly than PIN detectors.

17.3.3 Transmi ssion Medium The ratio of the speed in the material to the
speed in free space defines the reflective index of the material. \Wen I|ight
traveling in one nedium encounters another material of a |ower reflective
index, the light is bent towards the naterial of the higher reflective index.

If the angle of incidence is increased sufficiently, the bent |ight
will travel along the interface of the two materials. This angle is known as
the critical angle. At an angle greater than the critical angle, the |ight
will be totally reflected fromthe interface and follow the transm ssion path.
This is how light signals are transnitted through an optical fiber.

An optical fiber transm ssion nedium consists of a core, a
cladding, and a protective coating. The core material has a higher index of
refraction than the cladding material, and therefore light is transmtted by a
series of reflections fromwall to wall of an interface between a core, the
inner cylinder and its cladding (the outer cylinder). The core material can
be plastic or glass; glass provides |ower attenuation and greater bandwi dth
performance than plastic. The cladding naterial can be plastic or glass;
gl ass provides greater stability and conpatibility than plastic.

The reflection angle is unique to each fiber type and determ nes
the length of the path associated with each fiber type. The result is that
each fiber type propagates at a characteristic axial velocity, so that
di spersion limts the maximum rate at which information can be transmitted.

17.3.3.1 Fi ber Types. There are two types: single node and multinode
fibers.

a) Single node fibers are step index type. \Wen light travels at
certain reflective angle within a fiber it is called a step index fiber
Single node fibers (wavel ength: 1300 or 1550 nanoneters) are used for |ong
di stance systens such as long distance telephone lines with a distance greater
than 6 mles having signal regenerator spacing intervals of 18 to 25 miles.

b) Miltinode fibers are available in step and graded index types

and are generally used for short distance systems (wavel ength: 850 or 1300
nanomet ers) .
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(1) Step Index Type: Step index fiber is used in short
| ocal i zed systens such as Local Area Networks (LANs), aircraft or shipboard
applications with their bandwidth limted to 30 MHz/km

(2) Gaded Index Type: In graded index fibers light travels
in a parabolic (curved) profile which provides bandw dths greater than 1 GHz.
They are used for systems |linmited to distances less than 6 mles.

17.3.4 Paranmeters Affecting the Transmi ssion Characteristics of Optical
Fibers. The paranmeters are attenuation, pulse dispersion, nunerical aperture,
bandw dth, rise time, and fiber strength.

17.3.4.1  Attenuation. Attenuation is a neasure of the light |osses (signal

| osses) designated in decibels of optical power |ost per kilometer (dB/km.
The | osses result from absorption due to inmpurities in the glass, and
scattering due to density fluctuations in the glass. Attenuation is inversely
proportional to tenperature.

17.3.4.2 Pul se Dispersion. Pulse dispersion is also called pul se spreading
or widening, is the measure of the spreading or wdening of the |ight signal
(pulse), and is designated in nanoseconds per Kkilometer (ns/km. There are
two types of pulse dispersion: internodal and intranodal. The internodal

di spersion results when light rays travel at different distances based on
paths they are traveling in a fiber. The intranodal dispersion has three
types: (1) nmaterial dispersion due to different index of refraction of the
fiber; (2) waveguide dispersion due to bandwi dth of the signal and the
wavegui de configuration; and (3) cross-product dispersion due to |eakage of
optical energy fromone material to another. Consequently, pulse spreading is
a function of the path length and it is given in nanoseconds per kil oneter
(ns/km). The bandwi dth can be calculated fromthe pulse dispersion and is
given in Mz/km

17.3.4.3 Nunerical Aperture. Nunerical aperture (NA) is a nmeasure of |ight
collecting capability of a fiber and it is represented by the sine of the
l'ight acceptance angle (NA = 1.0 maximum). A large NA pernits nore light to
enter the fiber. NA values are typically between 0.20 and 0. 60.

17.3.4.4 Bandwidth. Bandwidth is a frequency range of a fiber's information
transm ssion capacity.

17.3.4.5 Rise Time. Rise time identifies if selected parts will- operate at
speed required.

17.3.4.6 Fiber Strength. Fiber strength is measured in terns of tensile
strength of fiber.

17. 4 Cable Structures. In general, the same type of sheathing used with
copper - based systens can be used with gl ass-based systenms. The systens may
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i nclude aerial cables, subnmerged cables, rodent-resistant cables, and other
types of cables. Cables designed to contain electrical conductors and optica
fibers are also available and the electrical conductors are used for signaling
applications or for carrying electrical power for signal regenerators.

17. 4.1 Cable Specifications. Consider the following for specifying fiber
optic cable:

Attenuation

Bandwi dt h

Qperating tenperature range

Tensile strength

Conpression strength

Bendi ng radi us

I ce |oading

Fl exi ng (nunber of times and angl e)

Nurmbers of fibers

Length and mnimum |l ength of continuous run

Speci fic shape requirenent

Cabl e support requirenent

Specific environnmental requirenent

Fi ber dielectric conposition and construction requirenents
Overal |l cable construction requirenent

Any requirenment for non-magnetic or non-netallic cables.
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17. 4.2 Cable Types. There are five cable types: |oose tube cable, tight
tube cable, plenumcable, ribbon cable, and subnarine cable.

17.4.2.1 Loose Tube Cable. Loose tube cable is designed such that it allows
fiber novenent within a tube that houses an optical fiber and provides
protection against mcrobends (mcrocracks) on the fibers and tenperature

changes. The void areas inside the cable are filled with a filling conpound
such as a gel or powder, The |oose tube cable can accommbdate up to 144
fibers. It is commonly used in many applications including aeria

installations with proper encasenment and support but it is nore difficult to
splice than a tight tube cable.

17.4.2.2 Tight Tube Cable. Tight tube cables have a buffer coating on the
optical fibers. The buffered fibers are tightly encased with a cable jacket
resulting in nore conpact and nore flexible design than a | oose tube cable.
The advantage of this cable type is greater protection against crushing and
high inmpacts. For this reason, it is used for tactical mlitary use where
such protection is crucial. On the other hand, it is nore susceptible to

m crobends or microcracks due to bending, thus, generally resulting to a

hi gher attenuation than the |oose tube type. Tight tube cable is not
recommended for use in aerial or direct buried applications.
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17.4.2.3 Plenum Cable. There are two types: tight and | oose tube types.
As the nane suggest, it is designed for use in plenumor air handling spaces
above suspended ceilings and nmust nmeet NEC fire resistance and snoke
requirenents.

17.4.2.4 Ribbon Cable. The ribbon cable has a ribbon (or ribbons) of Iinear
arrays of 6 to 12 coated fibers inside a cable sheath. Ribbon cables are
mai nly used for tel ephone |ines.

17.4.2.5 Submarine Cable. The submarine cable, a |oose tube type, is
specifically designed for use in underwater applications and it usually has a
doubl e arnor construction. Due to maintenance problens associated with
underwat er operation, it is strongly recormended that each cable be installed
with a spare cable for continuous operation in case one fails.

17.5 Fiber Optic Cable Operating Tenperature Range. The cable operating
tenperature requirenment should be based upon environnment where the cables are
to be installed. Cables are generally available in the operating range of -40
to 158 degrees Fahrenheit (-40 to 70 degrees Celsius) and they should be
suitable for nost installations. \here cables are subject to water imrersion
at tenperatures below 32 degrees Fahrenheit (0 degree Celsius), use cables
with a polyurethane filling compound in the buffer tubes. \ere the fiber
optic cables may be exposed to fire, specify the cables per |EEE-383 flane-
retardance specification

17.6 | npact of Nuclear Radiation to Fiber Optic Cables. Being
dielectric material, fiber optic cable provides better protection against
radi ation than that of electrical conductors. However, in an area subjected

to continuous high-intensity radiation the nuclear radiation causes increases
in light absorption. This effect is called a darkening of the fiber core
resulting in higher attenuation and may reduce the optical signal to an
unacceptabl e | evel of use. The darkening is |less severe at |onger

wavel engt hs. Consul t manufacturer(s) for use of fiber optic cable in areas
subject to high-intensity nuclear radiation.

17.7 Surge Protections. Al communications equi pnent should be
protected agai nst power |ine surges per |EEE C62.41 and agai nst surges induced
on conmuni cation signal circuits. Protect fiber optic transmtters and
receivers with surge protectors. Fuses shall not be used for surge

protection.

17.8 Fiber Splices. Optical fibers can be spliced in tw ways: by
mechani cal . splices or by fusion splices. There are various types of
mechani cal splicing nethods available and | osses (attenuation) vary from 0.1
dB to 0.5 dB. Fusion, spliced by nelting the optical fibers together,
provides significantly |lower attenuation than that of mechanical splicing, but
it is generally nore expensive. Losses are typically less than 0.1 dB
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17.9 Optical Connectors. Splicing and terminating with appropriate
connectors is an inportant part of the optical link. There are two types of
system connectors; group connectors and individual connectors. The group
connector losses in transmission are typically 3 to 5 dB. The individua
connector |losses in transnmission are typically 0.5 dB. I ndi vi dual connectors
are nore expensive

17. 10 Fiber Optic Cable Installation. Fiber optic cables are sinmilar to
conventional cables in terns of handling and installation procedures. The
limting tensile load varies among different types of cables from manufacturer
to manufacturer. The cables should be able to withstand an installation
tension up to 600 pounds or the level specified for the particular

application; therefore, many conventional installation tools and procedures
can be adopted to optical cable. A few essential differences nust be

recogni zed, however, to ensure a successful installation. d ass, although
intrinsically strong material, is relatively brittle. It is inmportant to
nmonitor and control the cable pulling force during installation. Unlike
copper conductors, which can stretch up to 20 percent before breaking, glass
fiber can only be strained 1 to 2 percent before breaking. Fi ber optic cables
have a maxi mum al | owabl e bendi ng radius, generally no larger than 10 times the
outside cable diameter with no |oad on the cable and no larger than 20 tines
of that under full rated tensile I oad.

Do not bury fiber optic cables directly underground. As a m ninmm
for underground installation, fiber optic cables should be enclosed in a
pol yet hyl ene or PVC conduit with inside dianmeter at least 4 tinmes the outside
cable diameter. Considerable attention should be given to deternmning the
correct lengths of the cable to order and install. The objective should be to
determne the cable segnent lengths required for the installation wthout
exceedi ng maxi num recommended tensile load and to pernit cable splicings and
connections as required.

17.10.1 Duct and Tray Installations. Duct and tray installation is the
most comon and easiest nmethod to install fiber optic cables. Al though non-
conductive properties of the fiber optic cables allow themto be placed with
hi gh-voltage cables in the sane ducts without any special shielding
requirenent, it is not reconmended due to personnel safety hazards during
mai nt enance. As a mnimum provide a means of enclosed separation between
them Also, when fiber optic cables are to be installed in ducts, route the
cables to avoid potential cutting edges, sharp bends, and heavy cable cross-
overs

17.10.2 Conduit Installations. Avoid excessive bending or friction on the
cable in installing fiber optic cables. Consult manufacturer(s) for maxinum
al | owabl e bending radius and maxi mum all owable pulling force for cables to be
installed. Use proper fittings to avoid sharp bends or pressing against
corners. Use pull boxes at an interval of 250 feet on straight runs to reduce
pulling tension. Provide the pull box with an opening equal to at |east 4
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ti mes the maxi mum al | owabl e bending radius. Consider the use of inner duct
for installing fiber optic cables.

17.11 Fiber Optic Cable Testing. |Include specifications for testing and
acceptance of fiber optic conponents, i.e. cables, splices, nodens, and
termnal equi pnent.

17.12 System Design. There are two types of systens, the analog and the
digital system For analog systens, the design goals are specified in terns
of Signal -to-Noise Ratio, (SNR) bandwi dth, and distortion level. For digital
systens, the design goals are specified in ternms of Bit Error Rate (BER) and
bandwi dth.  For both systens, calculations that pertain to the overall SNR or
BER performance nmust be perforned.

17.12.1 System Considerations. For new systenms, specify one conplete
system by one manufacturer. For a nmodification to or upgrade of an existing
system consider conpatibility of a new system or conponents to be interfaced
with by varying each system conponent requirenent.

17.12.2 System Design Summary. To determine whether or not the system has
adequate optical power to neet the design goal for SNR or BER, prepare a
system design sunmmary as foll ows:
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SYSTEM DESI GN SUMVARY

Select 5 Vdc or 15 Vdc for power supply or check
exi sting power system

Vdc

Tenperature Range:

System Di stance:

km

Select transmtter, |ight-source, detector, and receiver:

Signal Bandwi dth (Refer to 17.12.3):

Si gnal -to-Noi se Ratio (Analog Systen):

MHZ/ km

dB

Bit Error Rate (Digital System:

dB

Sel ect cable and fiber type:

Check Fiber Bandwi dth (Fi ber Bandw dth x D stance):

Power Margi n:

dB

(Light Source Qutput Power mnus Receiver Sensitivity)
System Attenuation:

a. Fi ber Losses:

dB

b. Connector Losses:

dB

C.  Splice Losses including future repairs:

dB

d. Detector Coupling Losses (1 dB):

dB

e. Tine Degradation (3 dB):

dB

f. Tenperature Degradation (3 dB):

dB

Total System Attenuation:

dB

Check if Power Margin is greater than the Total System Attenuation.
power nmargin is greater, then the systemis acceptable otherw se it

not acceptable.

| f
is

Recei ver Power : mwv

dB

Not e: Data for itenms 6, 8, 9, 10.a, 10.b, & 10.c can be obtained from

manuf acturer's data sheet.
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17.12.3 System Bandwidth Calculation. Each fiber optic cable has its own
fiber bandwidth [imtation. Therefore, the bandwi dth of the selected fiber
optic cable nmust satisfy the signal bandwi dth requirement. The cal culation
can be perfornmed by first taking the square root of the sum of the squares of
t he individual nodule rise tines:

EQUATI ON:
o ts = 1'1\/(tzm)2 + (t‘-rf)2 + (t:.r:Rx)2 (1)
Where: tg is the total systemrise tine
tyTx 1S the light output rise tine fromthe transmitter
tyg is the rise time of the fiber

typx 1S the receiver rise time

Not e: 1.1 is a tolerance factor
I ndividual rise tinmes can be obtained from manufacturer's data sheet.

The overall system bandwi dth is cal culated using the standard rel ation:

EQUATI ON: BWe = 0.35 (2)
tS
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